Determination of the roles of Glu-461 in beta-galactosidase (Escherichia coli) using site-specific mutagenesis.
Site-directed substitutions (Asp, Gly, Gln, His, and Lys) were made for Glu-461 of beta-galactosidase (Escherichia coli). All substitutions resulted in loss of most activity. Substrates and a substrate analog inhibitor were bound better by the Asp-substituted enzyme than by the normal enzyme, about the same for enzyme substituted with Gly, but only poorly when Gln, His, or Lys was substituted. This shows that Glu-461 is involved in substrate binding. Binding of the positively charged transition state analog 2-aminogalactose was very much reduced with Gly, Gln, His, and Lys, whereas the Asp-substituted enzyme bound this inhibitor even better than did the wild-type enzyme. Since Asp, like Glu, is negatively charged, this strongly supports the proposal that one role of Glu-461 is to electrostatically interact with a positively charged galactosyl transition state intermediate. The substitutions also affected the ability of the enzyme to bind L-ribose, a planar analog of D-galactose that strongly inhibits beta-galactosidase activity. This indicates that the binding of a planar "galactose-like" compound is somehow mediated through Glu-461. The data indicated that the presence of Glu-461 is highly important for the acid catalytic component of kappa 2 (glycosylic bond cleavage or "galactosylation"), and therefore Glu-461 must be involved in a concerted acid catalytic reaction, presumably by stabilizing a developing carbonium ion. The kappa 2 values with o- and p-nitrophenyl-beta-D-galactopyranoside as substrates varied more or less as did the K8 values, indicating that most of the glycolytic bond breaking activity found for the enzymes from the mutants with these substrates was probably a result of strain or other such effects. The kappa 3 values (hydrolysis or "degalactosylation") of the substituted enzymes were also low, indicating that Glu-461 is important for that part of the catalysis. The enzyme with His substituted for Glu-461 had the highest kappa 3 value. This is probably a result of the formation of a covalent bond between His and the galactosyl part of the substrate.